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Abstract An efficient conversion of quinolines to 1,2-dihydroquinolines (50%~96% yield) was developed via the modifica-
tion of the known methods. It was found that using sodium cyanoborohydride as a reductant would overcome the low conver-
sion often encountered in previous studies. A series of N-alkoxycarbonyl-1,2-dihydroquinolines were obtained through reduc-
tion of activated quinolium salts. Notably, with the exception of the 3- and 4-substituted substrates, a mixture of 1,2-dihydro-
quinolines and the over reduced tetrahydroquinolines was obtained with the ratio over 4 . 1. Besides, compared to the estab-
lished methods, an easy operation without using large excess of chloroformate further enhances practicability of the method-

ology.
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[ Application of 1,2-dihydroquinolines (1,2-DHQ) ]
a) As bio- actlve compounds
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Scheme 1 Applications of 1,2-dihydroquinolines
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Quinolium attacked by sodium borohydride (poor yield)

B CICO,Me, NaBH,4 X
—_— (a)
~
N N

MeOH, r.t.
)
CO,Me
Hydroalumination of quinolines with excess chloroformate

<20% yield
[::]:Aij [AH] [::Ijﬁj CICO,Me
- PSS
N/ N 3.2-12 equiv.

(A1

X
(b)
\
CO,Me
78% ~ 90% yields
This work:
TN CICO,R', NaBH;CN T
RT/ _ MeOH. Tt R.—/ (c)
N eOH, r.t. N

CIEOZR‘
50% ~ 96% yields
B2 AR N-FEREE 1,2- SRR I 532

Scheme 2  Synthesis of N-methoxycarbonyl-1,2-dihydroqui-
nolines
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BT R Se TR HAR &
AN A 1 equiv. EEMR(1a)F1 1.2 equiv. & IR HES, &
7EFEE0.5 moleL ) 0 ‘CJ¥ 15 min, FAE—20 C
AN 1 equivlIE M, FiR xRNSR, EXATFEF,
I AR 1] 5 P R P e o7 A R R £, e R AL
WIEIR, LA S5%MIZHENCRAS 2] B =4, 7Erksent b
X SN REAT IR (R 1), B R RIS ARt B MR
SMAARK, B S S A A AT TR TR 25 ok
H, WESY R, H 900K A
(Entries 1~8). H &M S RETS B 5 U 1 45
(Entry 4, P25 75%). {HA— M2, L F ok H
Hirao Al Chiba %" &) NaH/Lil 4 &R 77 R RES 2
HARF=4, X AT GEAZ AR 7 5% A% M I 584 ¢ (Entry 8).
TR DR, R B S IR F G 5 e S RN [
5% S min, 7€ 0 C RGN, SR a]
FiH 2 1.5 h, 1938GE W (Entry 9, 7= 82%). 7
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Ab, BRI FE IR A B B 3R IR (Entry 10, F= 3
82%). B JG X R BE S S BT E L, Al
B — LGRS NI EL. &5, B RRE R H
Fi N ZE TR AS B ¥ il BT 48, BETS BRI EE R, 70 &
IEFE R B B AR PR 2a ok A 5 N Fr DU R v AR ik
JEE 30 J5R 5 i 2 PR 4 55 11 DO & v R i 7= 420 ) T 92 2
A BRI 96%. BT R AN T M=
Eeflm 11 01 2 0.7, Hod 2a AFEEF=Y)(Entry 11).
12 RMEEMHER

1E1F B AL 2 MR Ja, KR W03 0E M AT B %%
(Scheme 3). &5 ¥ F 5 HAb e S B AL ORI JE 1T,
SN AENFRIAS 2] B Arr=9 2b. WL 6-Ar B e i
YISkt FLHUARIE N, TE il 2 i A7 W L7 2 [ (2¢ ~2e)
75 3 (2f), WAL g5 HL T3 A (2g ~2h), SN E5 RE IR B
. HEH S BRI = GaEb. 5%
TNRATEMRIR BN AL B AT R, R 2-H
BEEMRAEARHE S5 AR BRI H AR 21, 3-07.
AL SRR 747 PRI R g DA R AT (U 46
RS 1,2- —ZEMR(2j~2m). X 3-FJERERRT 4-FJk
WEMRIE) % 52, FERA RILAI I AR, 1L ERY) 1a
BT SE PR B, 5 v e A IR mSAA T B, 3
Bl R WEEE] 3a (2a, 14.7 g, 7K 78%, 2a : 3a=
14 : 1)(Scheme 4).

2 Zhig
St A A I B R R 1 4 1,2~ S IR 1) S 7 AT

(1) CICO,R? (1.2 equiv.)
I
N

0° tort,1.5h

0.5 mmol
1 then KOH work up
O
I
CO;Me CO,Et CO,Me
96% yield 87% yield 50% yield

2a:3a:4a=11:1:0.7 2b:3b:4b=7:1:06 2c:3c:4c =8:1:1.1
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Table 1 Optimization of the reaction conditions

(1) CICO,Me (1.2 equiv.)
MeOH (0.5 molL)

N/ (2) [Hydride] (1.0 equiv.) N

-20 °C to r.t., overnight (IZOZMe

1a then KOH work up 2a
Entry [Hydride] Yield”/%
1 KBH,4 55
2 NaBH,4 14
3 LiBH, 19
4 NaBH;CN 75
5 "Bu,NBH, 10
6 LiBEt;H 0
7 NaB(OAc);H 6
8 NaH/Lil 0
9 NaBH;CN 82
10¢ NaBH;CN 82
11%¢ NaBH;CN (96)

MeOH (0.5 mo/L), 0 °C, 5 min XrX X S
> R—— + R'—— + R—/—
(2) NaBH,CN (1.0 equiv.) N NN pZ N
| |
2
w w N N )

2d:3d:4d = 6:1:0.4

¢ Reaction conditions: 1a (64.6 mg, 0.5 mmol), methyl chloroformate (46 uL,
0.6 mmol) in methanol (1 mL, 0.5 moleL ") at 0 ‘C for 15 min. Then hydride
(0.5 mol) was added at —20 C and stirred at room temperature overnight.
KOH was added for work up. 5 NMR yield with CH,Br; as internal standard.
The number in parentheses is the combined isolated yield (vide infra). “Methyl
chloroformate was stirred with 1a for 5 min. Hydride was added at 0 C and
sitrred at room temperature for 1.5 h. “Methyl chloroformate was stirred with
1a for 5 min. Hydride was added at 0 °C and stirred at 0 ‘C overnight.
“Methanol (AR grade) was used. The yield was determined as combined iso-
lated yield of 2a, the over reduced N-CO,Me THQ and the over reduced N-H
THQas 11 : 1 : 0.7 (vide infra).

ik, A A S AN IR TG, BE DA R R
R HAR. EARR DR, WT 3608k 4-A7 TSR

CO,R? 5 CO,R?

CO,Me

88% vyield®
2f:3f:4f = 8:1:.0.5

|
C02Me
78% yield

|
COZMe

88% yield
2e:3e:4e = 6:1:0.4

|
CO,Me

CO,Me CO,Me CO,Me CO,Me CO,Me CO,Me .
78% yield 76% yield trace 83% yield 60% yield 74% yield 78% yield
29:3g:4g = 17:1:0.6 2h:3h:4h = 17:1:1 2i 2%k 21:31:41=6:1:0.4 2m:3m:4m =12:1:0.6

@ Reaction conditions: 1 (0.5 mmol), methyl chloroformate (46 pL, 0.6 mmol) in methanol (1 mL, 0.5 molL™", AR grade) at 0 “C for 5 min. Then
NaBHsCN (0.5 mol) was added at 0 ‘C and stirred at room temperature for 1.5 h. KOH was added for work up. © Combined isolated yields of 2, 3 and 4.
The ratio of the mixture was determined by NMR spectra. ° The reaction time was 4 h.
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Scheme 3 Substrate scope
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(1) CICO,Me (1.2 equiv.)

m MeOH (0.5 mol/L), 0°C, 5 min
N©  (2)NaBH3CN (1.0 equiv.)

1a 0°Ctort,2h
100 mmol
X
| +
\ \
CO,Me CO,Me
2a 3a
14.7g, 78% yield
2a:3a=14:1

B4 o QO R 8L
Scheme 4 Gram-scale reaction
SRR, SN A AAAE — 2 P e 5 3 Ji iy Y A e gk
B, S EEYE B R T 4 01 did gk
FIARE S5 33— DI BH B 1) S FH A

3 X
3.1 X5

S LI IR ("H NMR) 3 3 (M8 400 Hz){E
Bruker, Agilent B¢ Varian % EIEHRME 1A e, DA
VY FE B A BE(TMS) (8 0.00)8% CDCly (6 7.26) N N bR, 7
JZ S (TLC) fi F A & VT ARE I R A BR A &) A 7= i 7
JZENTREIAR, A% JZ T8 ARk e 0 S A VD AR Rk M
TR A BRA T CBURLEE N 200~300 H). BEA 4N, Fr
B RPN T AT, SCIR i E 58 E T K R
PR, BRAR IR, MR 2 =] 08 S B A7 kR 35
TR, Vol — Al AR S IRbR v TSt
3.2 ZWHE

7] 10 mL 7 A Jie 2 1) SR H N R R A &40 1
(0.5 mmol) I HEE(1 mL, /-#r4l). /£ 0 C FIMARHF
T2 (46 pL, 0.6 mmol), £R¥F 0 CHiHE 5 min JSIIA
FIEMEILEN(31.4 mg, 0.5 mol), =FiEHiHE 1.5 h. @it
TLC W M [ L5645, ) R SR 2 N S A4
(112 mg, 2 mmol)# KM, NI LR ZHEE(10 mL)FikE,
K5 mL)Bes, MWAIEEKGE mLX2)¥EEE, & HKH,
M T8 RS mLX3)ZEH, {2RENMEEGIHEET
IKIREREE T8, IR 515 2 U8 Ve T Jie i 28 AN B 2
WA, BT AR tod o A JE B (B R AR EE 40 11
AR R C B Fe 4, 192 H brr=9) 2.

WEIHR-1(2H)-FR B2 P g (22)PY: 90.8 mg, oo,
P2 96%, 2a : 3a > 4a=11:1:0.7.'"H NMR (400 MHz,
CDCly) d: 7.62~7.50 (m, 1H), 7.22~7.15 (m, 1H),
7.07~7.02 (m, 2H), 6.47 (d, J=9.6 Hz, 1H), 5.98 (dt, J=
9.6, 4.0 Hz, 1H), 4.39 (dd, J=4.0, 1.6 Hz, 2H), 3.77 (s,
3H).

= =
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-1 (2H)-FR 12 Z.F5(2b)P): 88.9 mg, Jo ik,
P23 87%,2b - 3b : 4b=7 : 1 : 0.6. '"HNMR (400 MHz,
CDCly) 0: 7.58 (d, J=7.2 Hz, 1H), 7.23~7.15 (m, 1H),
7.09~7.02 (m, 2H), 6.47 (d, J=9.6 Hz, 1H), 5.98 (dt, J=
9.6, 4.0 Hz, 1H), 4.40 (d, J=4.0 Hz, 2H), 4.24 (q, J=7.2
Hz, 2H), 1.31 (t, J=7.2 Hz, 3H)

WER-1,6(2H)- —FRBR — ' li§(2¢): 61.3 mg, A
A, 773 50%,2¢ : 3¢ 4e=8:1: 1.1.mp. 111~
112 °C (lit.”9 111~113 “C); 'H NMR (400 MHz, CDCl5)
5:7.86 (d, J=8.4 Hz, 1H), 7.76~7.66 (m, 2H), 6.51 (d, J
=9.6 Hz, 1H), 6.01 (dt, J=9.6, 4.0 Hz, 1H), 4.45 (d, J=
3.6 Hz, 2H), 3.90 (s, 3H), 3.82 (s, 3H).

6-FEMK-12H)- 2R H g (2d): 87.5 mg, A4k,
FEE 78%, 2d 1 3d 1 4d=6:1:04. mp. 36~39 C
(1it.*) 44~46 °C); '"H NMR (400 MHz, CDCL3) 6: 7.59~
7.44 (m, 1H), 7.14 (dd, J=8.8, 2.4 Hz, 1H), 7.02 (d, J=
2.4 Hz, 1H), 6.40 (d, J=9.6 Hz, 1H), 6.03 (dt, J=9.6, 4.4
Hz, 1H), 4.39 (dd, J=4.4, 2.0 Hz, 2H), 3.79 (s, 3H).

6-TR N -1(2H)- R R 1 G (20)PY: 117 mg, [ {fH
A&, 723 88%, 2e : 3e D 4e=6:1:0.4. mp. 55~56 C;
'H NMR (400 MHz, CDCl;) 0: 7.53~7.38 (m, 1H), 7.28
(dd, J=8.4, 2.0 Hz, 1H), 7.17 (d, J=2.0 Hz, 1H), 6.40 (d,
J=9.6 Hz, 1H), 6.02 (dt, J=9.6, 4.0 Hz, 1H), 4.40 (dd, J
=4.0, 1.6 Hz, 2H), 3.79 (s, 3H).

6-(2- W8 Wy B ) W bk - 1 (2H)- R IR FH I (2f): 118.8 mg,
H AR, 7723 88%, 2f @ 3f : 4f=8 : 1 : 0.5. m.p. 64~
66 C (1it.* 70~72 °C); '"H NMR (400 MHz, CDCl5) o:
7.65~7.52 (m, 1H), 7.42 (dd, J=8.4, 2.0 Hz, 1H), 7.27 (d,
J=1.6 Hz, 1H), 7.25~7.20 (m, 2H), 7.07~7.01 (m, 1H),
6.48 (d, J=9.6 Hz, 1H), 5.99 (dt, J=9.6, 4.4 Hz, 1H), 4.40
(dd, J=4.4, 2.0 Hz, 2H), 3.79 (s, 3H).

6- FH FEER-1(2H)- R R F iR (2g): 79.3 mg, H ]
A, FRE 78%, 2g : 3g i 4g=17 1 1:0.6. mp. 36~
39 C (lit.*< 42~43 C); '"H NMR (400 MHz, CDCL) o:
7.50~7.36 (m, 1H), 7.00 (dd, J=8.4, 1.6 Hz, 1H), 6.86 (d,
J=1.6 Hz, 1H), 6.43 (d, J=9.6 Hz, 1H), 5.97 (dt, J=9.6,
4.0 Hz, 1H), 437 (dd, J=4.4, 2.0 Hz, 2H), 3.77 (s, 3H),
2.29 (s, 3H).

6- H AR JE - 1 2 H)-FR R H iR (2h)PY): 83.7 mg,
tafE ik, 72 76%, 2h 1 3h i 4h=17:1:1. mp. 76~
79 °‘C; '"H NMR (400 MHz, CDCl;) §: 7.60~7.32 (m,
1H), 6.75 (dd, J=8.8, 2.8 Hz, 1H), 6.60 (d, J=2.8 Hz,
1H), 6.44 (d, J=9.6 Hz, 1H), 6.02 (dt, J=9.6, 3.6 Hz,
1H), 4.37 (dd, J=4.0, 1.6 Hz, 2H), 3.78 (s, 3H), 3.76 (s,
3H).

http://sioc-journal.cn/ 3449



BIKE

3- BB IR-12H)- R TR H BE(2)): 84.2 mg, [ it
i, PEE 83%. mp. 47~49 C (it 53~54 C); 'H
NMR (400 MHz, CDCLy) d: 7.70~7.44 (m, 1H), 7.13 (t,
J=17.6 Hz, 1H), 7.08~6.93 (m, 2H), 6.20 (s, 1H), 4.26 (s,
2H), 3.78 (s, 3H), 1.89 (s, 3H).

4-FSEIEIRR-1 2 H)-FRER R (2K)°Y: 60.5 mg, Tofh
Wik, 773% 60%. '"H NMR (400 MHz, CDCLy) o: 7.55 (d,
J=6.4 Hz, 1H), 7.28~7.19 (m, 2H), 7.12 (td, J=7.6, 0.8
Hz, 1H), 5.88~5.74 (m, 1H), 431 (dd, J=4.4, 1.6 Hz,
2H), 3.77 (s, 3H), 2.05 (d, J=1.6 Hz, 3H).

5-HI LI -12H)- B2 R R ER 2D 75.1 mg, Tt
WAk, 772 74%, 21311 41=6 1 1 0.4; '"H NMR (400
MHz, CDCl3) d: 7.36 (d, J=7.2 Hz, 1H), 7.09 (t, J=7.6
Hz, 1H), 6.93 (d, J=7.2 Hz, 1H), 6.68 (d, J=9.6 Hz, 1H),
6.06 (dt, J=9.6, 4.4 Hz, 1H), 4.33 (dd, J=4.0, 1.2 Hz,
2H), 3.76 (s, 3H), 2.31 (s, 3H).

7-FH IR -1 - R R FF R (2m)P): 79.5 mg, T
WAk, P2 78%, 2m 1 3m : 4m=12:1:0.6. 'H NMR
(400 MHz, CDCl3) 6: 7.40 (s, 1H), 6.94 (d, J=7.6 Hz,
1H), 6.87 (d, J=7.6 Hz, 1H), 6.44 (d, J=9.6 Hz, 1H), 5.91
(dt, J=9.6, 4.0 Hz, 1H), 4.37 (d, J=6.0 Hz, 2H), 3.78 (s,
3H), 2.33 (s, 3H).

5 B0 # (Supporting Information) Al 2% {4 7 12 Al
1b&%) 2a~2m () "H NMR %K. X Leh4 B a] L5 2
ASH W 3k (http://sioc-journal.cn/) . %K.
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